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CHARGING SYSTEM, ONBOARD SYSTEM, CHARGING METHOD, D
PROGRAM

Technical Field
[0001]
The present invention relates to a charging syseamgnboard system, a
charging method, and a program.

Background Art
[0002]

Today, as the charging systems for use in toll sosuch as expressways,
the following two methods are known: a charging inoet based on vehicle-
type discrimination (i.e., the fare (toll) beingned in accordance with the
vehicle-type classification); and a charging metihadged on the weight (i.e.,
the toll being varied in accordance with the vediglweight).

[0003]

Patent Documents 1 and 2 disclose axle load maagunstruments each
of which is configured to monitor the load weighat is being carried on each
vehicle by placing an axle load meter on the lané measuring the axle loads
of the vehicle traveling over the meter.

Citation List
Patent Documents
[0004]
Patent Document 1: JP 2001-050801 A
Patent Document 2: JP 2003-028700 A

Summary of Invention
Problem to be Solved by the Invention
[0005]

An axle load measuring instrument such as onedatied in Patent
Document 1 and Patent Document 2 is configured ¢aitor the load weight
being carried on the traveling vehicle by measutimg axle loads by taking
account of the vibrations of the traveling vehiclée measurement result
obtained by such an axle load measuring instrunmtemwever, has not been
used in the toll determination by the charging noethhased on the weight.

Hence, even though it is possible to measure the laad with reduced
influence of the acceleration, the vibrations, &nel like of the traveling
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vehicle, no charging method based on the weightdaaied to acquire any axle-
load measurement result with such reduced influence

Accordingly, the present invention provides a cliaggsystem
configured to acquire the result of axle-load meament with reduced
influence of the acceleration, the vibrations, &inel like of the traveling
vehicle.

Solution to Problem
[0006]

A charging system (1, 100) according to an aspéth® present
invention includes: an axle load meter (60) dispbse a lane and configured
to measure an axle load of each of a pluralityxdésa of a vehicle traveling on
the axle load meter; an acceleration informatioguasition unit (40C)
configured to acquire, from the vehicle, verticalegtion acceleration
information associated with each of the axles; aaexiion calculation unit
(40D) configured to calculate a corrected axle léadeach of the axles by
correcting, based on the vertical-direction accasien information, a
measurement result for each of the axles obtainetthéd axle load meter; and a
toll determination unit (51C, 151C) configured tetdrmine a toll for the
vehicle based on the corrected axle load for eddheaxles.

[0007]

According to this aspect, the charging system isfigured to determine
the toll for each vehicle based on the axle-loacdsueement result of each of
the axles of the vehicle. Hence, the toll for eaehicle is determined based on
the load on individual axles of the vehicle. Acciogly, in a case where more
than one vehicle with the same total weight hafeedint numbers of axles or
have different load balances between their frort egar axles, different tolls
can be charged on the vehicles.

In addition, the charging system is configured ¢orect the axle load in
accordance with the vertical acceleration of eadie.aHence, the charging
system can determine the toll of each vehicle basethe axle-load
measurement result with reduced influence of theie@ acceleration of each
axle derived from the acceleration, the vibratioausd the like of the traveling
vehicle.

[0008]

A charging system according to an aspect of thegmeinvention
further includes an acceleration-information request (40B) configured to
transmit, to the vehicle, a request signal for @lseeleration information in
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response to acquisition of the measurement resu#tioed by the axle load
meter. In the charging system, the acceleratioarmftion acquisition unit is
configured to acquire the acceleration informatwovided by the vehicle in
response to the request signal.

[0009]

According to this aspect, the charging system isfigured to acquire
acceleration information from the vehicle every ¢imn axle-load measurement
is performed. Hence, the charging system can aeghe acceleration
information corresponding, on a one-to-one basieach of the axles whose
axle loads are measured.

[0010]

A charging system according to an aspect of thegareinvention
further includes an axle-load-information calcutatiunit (51B, 151B)
configured to calculate a representative valuehefdorrected axle loads for the
individual axles.

[0011]

According to this aspect, the charging system daarge, on each
vehicle, a toll associated with the representatiakie of the corrected axle
loads of all the axles of the vehicle. As the magae of the impact given by
each vehicle to the road damage is associatedtivghrepresentative value of
all the axle loads of the vehicle (including it@th, the charging system can
charge a toll on each vehicle in accordance withrttagnitude of the impact
given by the vehicle to the road damage.

[0012]

In a charging system according to an aspect optiesent invention, the
representative value is any one of a greatest vahatean average value of the
corrected axle loads of the individual axles.

[0013]

According to this aspect, the charging system isfigured to determine
a toll that is associated with the greatest valuialiothe corrected axle loads of
each vehicle. Hence, even if more than one vehicte® the same total weight,
a toll that is associated with the local maximunteawad of each of such
vehicles can be charged on each vehicle.

In addition, according to this aspect, the chargggtem is configured
to determine a toll that is associated with therage value of all the corrected
axle loads of each vehicle. Hence, even if more thiae vehicle have the same
total weight, a toll that is associated with thember of the axles of each of
such vehicles can be charged on each vehicle.
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[0014]

A charging system according to an aspect of thegmreinvention
further includes an axle-load-information calcubatiunit (51B, 151B)
configured to calculate a sum of the corrected dodels for the individual
axles.

[0015]

According to this aspect, as the charging systenoidigured to
determine, for each vehicle, a toll that is assteadavith the sum of all the
corrected axle loads of the vehicle, a toll thaassociated with the total weight
of the vehicle can be charged on the vehicle. Asrttagnitude of the impact
given by each vehicle to the road damage is astaxtiaith the total weight of
each vehicle, a toll that depends on the magnitfdée impact given by the
vehicle to the road damage can be charged on thielee
[0016]

An onboard system according to an aspect of theepreinvention
includes: an accelerometer (31, 31') configurechemsure vertical-direction
acceleration information associated with each efdkles; and an acceleration
information transmission unit (30C) configured tampide the vertical-direction
acceleration information in response to a requegtad transmitted in response
to acquisition of a measurement result for eachxés obtained by an axle
load meter disposed on a lane.

[0017]

According to this aspect, the onboard system previthe acquired
information on the acceleration in the verticaletitions associated with each
axle. Hence, the onboard system can cause theftekhch vehicle to be
determined based on the axle-load measurementtgblreduced influence
of the vertical acceleration derived from the aecation, the vibrations, and
the like of the traveling vehicle.

[0018]

A charging method according to an aspect of thesgmeinvention
includes the steps of: measuring, by means of & laad meter disposed on a
lane, an axle load of each of a plurality of axtésa vehicle traveling on the
axle load meter; acquiring, from the vehicle, veatidirection acceleration
information associated with each of the axles; glting a corrected axle load
for each of the axles by correcting, based on #xical-direction acceleration
information, a measurement result for each of tkiesaobtained by the axle
load meter; and determining a toll for the vehibbsed on the corrected axle
load for each of the axles.
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[0019]

A program according to an aspect of the presengniion is executable
to cause a computer of a charging system includimgxle load meter disposed
on a lane and configured to measure an axle loahoh of a plurality of axles
of a vehicle traveling on the axle load meter todtion as: an acceleration
information acquisition unit (40C) configured togagre, from the vehicle,
vertical-direction acceleration information assaedwith each of the axles;
and a correction calculation unit (40D) configutedcalculate a corrected axle
load for each of the axles by correcting, basedhenvertical-direction
acceleration information, a measurement resulefech of the axles obtained
by the axle load meter.

Advantageous Effect of Invention
[0020]
The charging system according to an aspect of teegmt invention
helps acquire the result of an axle-load measuréméh reduced influence of
the acceleration, the vibrations, and the likers traveling vehicle.

Brief Description of Drawings

[0021]

FIG. 1 is a schematic diagram of a first embodimenthe present
invention.

FIG. 2 is a block diagram of the first embodimehtiee present
invention.

FIG. 3 is a diagram describing details of the festbodiment of the
present invention.

FIG. 4 is a diagram describing a modified examl¢he first
embodiment of the present invention.

FIG. 5 is a graph describing acceleration measun¢rokthe first
embodiment of the present invention.

FIG. 6 is a flowchart of the first embodiment ottpresent invention.

FIG. 7 is a schematic diagram of a second embodimkthe present
invention.

FIG. 8 is a block diagram of the second embodinodrihe present
invention.

Description of Embodiments
[0022]
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Embodiments of the present invention are descrlimddw with
reference to the accompanying drawings.
[0023]

First Embodiment

A first embodiment of a charging system and an @ambsystem of the
present invention will be described below with refiece to FIG. 1 to FIG. 6.
[0024]

Overall Configuration

An overall configuration of a charging system 1Ivié described below.

As illustrated in FIG. 1, the charging system hifacility disposed at an
exit tollgate (at an entry tollgate in some pricifogms) of an expressway that
is a toll road, and is configured to collect a tafhount associated with a
vehicle A in which a user of the expressway is @&lang.

In the charging system 1 disposed in the exit &kkg the vehicle A is
traveling on a lane L that is designed to lead gkds from the expressway to a
general road. Islands | are constructed on thesndes of the lane L, and
various apparatuses included in the charging sydtere installed in the
islands I.

Hereinafter, the direction in which the lane L exds (i.e., the £X
directions in FIG. 1) is referred to as the “laneedtion.” In addition, in the
lane direction, the expressway side (i.e., the H¢ation side in FIG. 1) of the
lane L is referred to as the “upstream side.” Idieidn, in the lane direction,
the general road side of the lane L (i.e., the idéction side in FIG. 1) is
referred to as the “downstream side.”

In addition, the direction corresponding to the thidf the lane L is
referred to as the “lane width direction (i.e., thé directions in FIG. 1), and
the direction corresponding to the vehicle heighthe vehicle A is referred to
as the “vertical direction (i.e., the +Z directiomsFIG. 1).

[0025]

As illustrated in FIG. 1 and FIG. 2, the chargingtem 1 includes a
roadside wireless communication device 40, a cimgrgiommunication
processing device 50, an axle load meter 60, ac@namunication antenna 80.
The charging system 1 is configured to perform arglng processing by means
of a wireless communication system (Electronic Totillection System = ETC
(trade name), RFID, etc.). In addition, the chaggeystem 1 further includes
an entry-side vehicle detector 90, a departurerotiet 91, and a departure-
side vehicle detector 92.
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In the present embodiment, the devices includetthéncharging system
1, namely the entry-side vehicle detector 90, theedside wireless
communication device 40, the communication ante8Mathe charging-
communication processing device 50, the departorgroller 91, and the
departure-side vehicle detector 92, are arrangddignorder from the upstream
side to the downstream side on a roadside.

The axle load meter 60 is disposed on the lanalthé lane direction
(i.e., the £X directions), the axle load meter 6Qisposed substantially at the
same position as the entry-side vehicle detector 90
[0026]

An onboard system 10 is mounted in the vehicleakéting on the lane
L. The onboard system 10 is configured to performi@less communication
processing (hereinafter, simply referred to as“ihieeless communications”)
with the roadside wireless communication device &td thus transmit
acceleration information and a vehicle ID of thénde A (which are to be
described later) to the roadside wireless commuidnadevice 40.

The onboard system 10 includes an onboard uniaZflurality of
onboard wireless communication devices 30, andcaelarometer 31.

[0027]

The roadside wireless communication device 40 spased on the
island | at a position near the axle load meterTte roadside wireless
communication device 40 is configured to receive &lcceleration information
and the vehicle ID of the vehicle A (which will loeescribed later) from the
onboard system 10.

In the present embodiment, the roadside wirelessnconication device
40 is disposed at a position slightly downstreade sif the axle load meter 60.
However, as long as the roadside wireless commtioitalevice 40 has enough
time or covers a wide enough communication areeotnmunicate with the
onboard system 10, the roadside wireless commubpitatevice 40 may be at
any position, in the lane direction, relative t@ thxle load meter 60. For
example, the roadside wireless communication dewniag be disposed at the
same position in the lane direction as that ofakke load meter 60.

As will be described later, the roadside wirelessmmunication device
40 is configured to acquire, from the axle load ene€80, a measurement value
of the axle load of each axle, and to acquire aregion information from the
onboard system 10. In addition, the roadside wagleommunication device 40
is configured to correct, based on the acceleratéormation thus acquired,
the measurement result of each axle obtained byxtheload meter, and then
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transmit the corrected value to the charging-comication processing device
50.
[0028]

The charging-communication processing device 5 psocessing unit
configured to execute a series of charging procepseformed by the charging
system 1. In the present embodiment, the chargorgreunication processing
device 50 includes a charge-information processinig 51. The charge-
information processing unit 51 includes an axledidaformation acquisition
unit 51A, an axle-load-information calculation usitB, and a toll
determination unit 51C.

[0029]

In the present embodiment, executing the prograa igto be described
later makes a computer function as the axle-loddrmation acquisition unit
51A, the axle-load-information calculation unit 51&nd the toll determination
unit 51C.

[0030]

The charging-communication processing device 5€bisfigured to
receive, from the roadside wireless communicatienice 40 through a wired
or wireless communication, axle-load informationrected based on the
acceleration information of the vehicle A traveliog the lane L. In addition,
the charging-communication processing device 5fbisfigured to acquire,
from the onboard unit 20 through the communica@otenna 80, the vehicle-
type classification, which is a piece of information the vehicle details (to be
described later) and which is registered in theoartd unit 20. Of those pieces
of axle-load information corrected based on theuawg vehicle-type
classification and the acquired acceleration infation, the charging-
communication processing device 50 may use onlyattie-load information
corrected based on the acceleration informationtand employ a charging
method based on the weight, where tolls associaiddindividual vehicles'
axle information are charged. In addition, the ¢fwag-communication
processing device 50 may use the axle-load infoionatorrected based on
both the vehicle-type classification and the acien information and thus
employ a combined charging method of both a chargiethod based on the
vehicle-type classification and a charging methaddad on the weight, where
tolls associated with axle-load information coretbased on both the vehicle-
type classification and the acceleration informatio

As illustrated in FIG. 1 and FIG. 2, the chargingramunication
processing device 50 is configured to output thguared information, the
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charging-processing results, and the like to areg¢mayment-processing
device 70 (host device) located in a remote place J
[0031]

The axle load meter 60 extends along the lane wddtthctions on the
road surface of the lane L. In the present embodimie axle load meter 60 is
buried in the road surface of the lane L. The dabad meter 60 is configured to
measure the load of each axle (also referred sitphs the “axle load”) of the
vehicle A when the vehicle A moving in a lane dtien on the lane L travels
on the axle load meter 60.

[0032]

As illustrated in FIG. 2 and FIG. 3, the communioatantenna 80
communicates wirelessly with the onboard unit 2Qunmted in the vehicle A.
Specifically, the communication antenna 80 is cguafed to transmit and
receive electromagnetic waves at a predetermineguiency (e.g.,
approximately 5.8 GHz), and to communicate wirelyesgth the onboard unit
20 mounted in the incoming vehicle A by use of éiectromagnetic waves.

In the present embodiment, as illustrated in FIGh& communication
antenna 80 is configured to receive the informatarthe vehicle details (the
number of axles, the number of wheels per axle vitacle 1D, the vehicle-
type classification, the card information, the gngate information, and the
like) from the onboard unit 20 of the vehicle A pag through the tollgate. In
addition, the communication antenna 80 is configuie transmit the charge
data including the result of the charge processmthe onboard unit 20 of the
vehicle A passing through the tollgate.

[0033]

The entry-side vehicle detector 90 is disposedhanisland I, and is
configured to emit and receive light beams to amanfthe lane L in the lane
width direction (i.e., in the = Y directions) to et whether there is a vehicle
A (vehicle body) traveling on the lane L. The vdbientry-side vehicle
detector 90 is thus configured to detect the passinone vehicle A through a
predetermined position (or the entry of one veh&l@ato the predetermined
position) to generate vehicle-passing information.

[0034]

The departure controller 91 is disposed on the daream side over the
lane L, and is configured to control the departorehe vehicle A traveling on
the lane L. For example, the departure controllei9configured to close the
lane L to prevent the exit of a particular vehiélérom the tollgate in a case
where the charging processing for the particuldrieie A has not been
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completed normally. In addition, the departure colhér 91 is configured to
open the lane L in a case where the charging psicgdor a particular vehicle
A has been completed normally.

[0035]

The departure-side vehicle detector 92 is dispatdatie remotest
position on the downstream side of the lane L, sncbnfigured to detect the
exit of the vehicle A from the charging system 1.

[0036]
Onboard System

Detailed description will be provided below abootrse components of
the onboard system 10 and their functions.

A vehicle A that has a plurality of axles includas onboard unit 20, an
accelerometer 31, and a plurality of onboard wssleommunication devices
30. As illustrated in FIG. 3, in the present emboent, the vehicle A includes
one onboard unit 20 and one accelerometer 31. diitiad, the vehicle A
includes the same number of onboard wireless conmeation devices 30 as the
number of the axles of the vehicle A. In the cdkesirated in FIG. 3, as the
number of axles of the vehicle A is four, the véaia includes four onboard
wireless communication devices 30. Each of the antbavireless
communication devices 30 is associated with andatied near the
corresponding one of the axles of the vehicle A.

[0037]

The onboard unit 20 is configured to transmit imh@ation on the vehicle
details to the communication antenna 80 approxityaethe time when the
vehicle A passes by the communication antenna 80.

In the present embodiment, as illustrated in FIGh& communication
antenna 80 is disposed at a position on the dowastrside of the roadside
wireless communication device 40. Hence, the onthegstem 10 is configured
to transmit the information on the vehicle detadshe communication antenna
80 after transmitting the vehicle ID and the accafi®n information to the
roadside wireless communication device 40.

[0038]

Each of the onboard wireless communication devB@&cludes an
accelerometer measurement-value acquisition urft, 20vehicle-ID storage
unit 30B, and an acceleration information transmeissinit 30C. As will be
described later, each of the onboard wireless comaoation devices 30 is
configured to communicate wirelessly at short rangd the roadside wireless
communication device 40.
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[0039]

The vehicle-ID storage unit 30B is configured torsta vehicle ID
given to each vehicle, and to output the storedaleHD to the acceleration
information transmission unit 30C. In the presembediment, the vehicle-ID
storage unit 30B stores beforehand a vehicle ID hiedps to deferenciate the
vehicle A from other vehicles (i.e., an vehicle lidique to the vehicle A).

The vehicle-ID storage units 30B of all the onbowtideless
communication devices 30 store the same vehiclanlue to the vehicle A.

As a modified example, each vehicle-ID storage @0iB may be
configured to be internally communicable with th&board unit 20 as indicated
by the dashed-line arrow in FIG. 2 and thus toestitie vehicle ID that has been
notified of by the onboard unit 20.

[0040]

Each of the acceleration information transmissioitu30C is
configured to acquire, through the correspondingeéerometer measurement-
value acquisition unit 30A, a measurement valu¢hefacceleration measured
by the accelerometer 31, and is configured alsacguire the vehicle ID from
the corresponding vehicle-ID storage unit 30B.

Each acceleration information transmission unit 3®Configured to
intermittently acquire the measurement value ofabeeleration, and to
transmit (provide) such acceleration informatiorthe roadside wireless
communication device 40 at any time when the radelsvireless
communication device 40 requests the acceleran@orination. In the present
embodiment, the acceleration information transnoisginit 30C is configured
to add the vehicle ID to the acceleration inforroatand then to transmit the
acceleration information with the vehicle ID to treadside wireless
communication device 40.

Note that though the acceleration information trarssion unit 30C is
configured to acquire the measurement value ofatteeleration, the
acceleration information transmission unit 30C naaguire any analog signal
and/or any digital signal as long as the signabecacquired is acceleration
information associated with the measured value.

[0041]
Modified Example of Onboard System

As a modified example, the onboard system may beigored as
illustrated in FIG. 4. In the present modified exae) there are two vehicles,
which are a towing vehicle A' and a towed vehiclelB addition, an onboard
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system 10 is mounted in the towing vehicle A’ whes@an auxiliary onboard
system 10’ is mounted in the towed vehicle B'.
[0042]

As in the case of vehicle A, the onboard systemmblinted in the
towing vehicle A" includes an onboard unit 20, acelerometer 31, and a
plurality of onboard wireless communication devi@s The onboard system
10 further includes a towing-vehicle-and-towed-\v@@icommunication unit 25.
Each of the onboard wireless communication devB®ss configured to
transmit, to the roadside wireless communicationick 40, a vehicle ID and
acceleration information of the towing vehicle Ahe towing-vehicle-and-
towed-vehicle communication unit 25 is configuredstore the vehicle ID of
the towing vehicle A'.

As in the case of the vehicle A, the auxiliary oahbd system 10'
mounted in the towed vehicle B' includes an acaeteter 31' and a plurality
of onboard wireless communication devices 30'. &tweiliary onboard system
10' further includes an auxiliary towing-vehicleeatowed-vehicle
communication unit 25'.

[0043]

In a case where the towing vehicle A" and the towellicle B' are
coupled together to make the towing vehicle A' tine towed vehicle B', the
towing-vehicle-and-towed-vehicle communication u2 of the towing vehicle
A" and the auxiliary towing-vehicle-and-towed-veleicommunication unit 25’
of the towed vehicle B' are connected to each ollyea wired or a wireless
communication circuit. The vehicle ID of the towinghicle A' stored in the
towing-vehicle-and-towed-vehicle communication udt is transmitted from
the towing-vehicle-and-towed-vehicle communicatiorit 25 to the auxiliary
towing-vehicle-and-towed-vehicle communication u2it. Once the
transmitted vehicle ID of the towing vehicle A' ha&sached the auxiliary
towing-vehicle-and-towed-vehicle communication u2it, the vehicle ID is
stored in each of the onboard wireless communicati@vices 30'. The onboard
wireless communication device 30' transmits thegmaitted vehicle ID and
acceleration information of the towing vehicle A the roadside wireless
communication device 40.

[0044]

Hence, according to the present modified exampm@eheof the onboard
wireless communication devices 30" attached tortfepective axles of the
towed vehicle B' acquires the vehicle ID of the logvvehicle A'. Hence, the
roadside wireless communication device 40 can reizegthat the vehicle 1D
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that belongs to the axles of the towed vehiclesBhie same vehicle ID that
belongs to the axles of the towing vehicle A'.

Note that the onboard wireless communication dex/®@@' attached to
their respective axles of the towed vehicle B' maguire the vehicle ID of the
towing vehicle A" at any time before the vehicleésaAd B' pass by the roadside
wireless communication device 40. For example,abguisition may be
performed when the towing vehicle A" and the towedlicle B' are coupled
together or after the towing vehicle A’ that towe towed vehicle B' starts
traveling.

[0045]
Roadside Wireless Communication Device

Detailed description will be provided below abootse components of
the roadside wireless communication device 40 &edr functions.

As illustrated in FIG. 2, the roadside wireless coumication device 40
functionally includes an axle-load-meter measuremeaue acquisition unit
40A, an acceleration-information request unit 4@B,acceleration information
acquisition unit 40C, and a correction calculatiorit 40D.

[0046]

In the present embodiment, the execution of a m@ogto be described
later) allows a single computer to function as éixée-load-meter measurement-
value acquisition unit 40A, the acceleration-infatmon request unit 40B, the
acceleration information acquisition unit 40C, &hd correction calculation
unit 40D.

[0047]

The axle-load-meter measurement-value acquisitith 40A is
configured to acquire, from the axle load meter @ measurement value of
the axle load of each of the axles of the vehicldNate that in the present
embodiment, the measurement value of the axle isadquired from the axle
load meter 60, but any analog signal and/or anytaligignal may be acquired
as long as the information to be acquired is arkedlinformation associated
with the measurement value.

[0048]

The acceleration-information request unit 40B isfegured to transmit
an request signal to request the onboard systeforlihe acceleration
information at the moment when the measurementevafuhe axle load of
each axle is acquired in response to the acqursitficche measurement value of
the axle load of each axle by the axle-load-meteasurement-value
acquisition unit 40A. In the present embodimeng thoment the axle-load-
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meter measurement-value acquisition unit 40A aaguthe measurement value
of the axle load of each axle, the acceleratiomiimfation request unit 40B
transmits a request signal to request the acceébaratformation to the
acceleration information transmission unit 30C asasted with each axle.

The measurement value of the axle load of each isxdequired at the
moment when the wheel associated with each of xhesaof the vehicle A
travels on the axle load meter 60. Hence, the acagbn-information request
unit 40B requests the acceleration information fribra acceleration
information transmission unit 30C associated widlcte of the axles of the
vehicle A at the moment when the wheel associatied thie axle travels on the
axle load meter 60.

[0049]

The acceleration information acquisition unit 4&Cconfigured to
acquire, along with the associated vehicle ID, dbeeleration information
transmitted from each acceleration information srarssion unit 30C in
response to the request from the acceleration-mébion request unit 40B.
[0050]

In the present embodiment, the roadside wirelessnconication device
40 and each of the onboard wireless communicatesncegs 30 are configured
to wirelessly communicate with each other at shange. Hence, of those
onboard wireless communication devices 30 thatdasposed near their
respective axles, only the onboard wireless comiation device 30 disposed
near the axle that has just passed by the roadsi@dess communication
device 40 can communicate with the roadside wiretEsmmunication device
40.

To put it differently, every time the axle load rae60 measures the axle
load of one axle that has just passed by of theckel including a plurality of
axles, the acceleration information acquisitiontlfiC acquires the
acceleration information from only the onboard Wess communication device
30 associated with that one axle that has justgzhby among all the plurality
of axles of the vehicle A.

[0051]

The vertical-direction acceleration acting on trehicle A may be
changed by the acceleration or the deceleratiam®fvehicle A that takes place
immediately before or while the vehicle A is pagson the axle load meter 60.
Even with such changes, the latest acceleratioorim&tion measured at the
moment when each axle passes on the axle load rG@tsrtransmitted, to the
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acceleration information acquisition unit 40C, he tnformation on the
acceleration acting on the axle.
[0052]

Note that the short range mentioned earlier axtmemunicable range
between the roadside wireless communication de#cand each onboard
wireless communication device 30 is set, for exampk from 1 m to 1.5 m.
The short range does not have to be the range fromto 1.5 m mentioned
above. Rather, any range may be settable as longea®adside wireless
communication device 40 can distinguish the onbagireéless communication
device 30 of the communication target from the othveboard wireless
communication devices 30.

[0053]

The correction calculation unit 40D is configuredacquire the
measurement value of the axle load of each axleutin the axle-load-meter
measurement-value acquisition unit 40A, and alsyuae, along with the
associated vehicle ID, the acceleration informatiomough the acceleration
information acquisition unit 40C at the moment whbka axle load of each axle
is measured.

The correction calculation unit 40D is configurddato correct the
acquired measurement value of the axle load of exbd by use of the
acceleration information at the moment of the dwl@d measurement, and thus
to convert the axle loads measured for the trageli@hicle A to the static loads
associated with individual axles. The roadside {eise communication device
40 is configured to transmit, to the charging-commication processing device
50, each of the static loads obtained by the cmivaras the corrected axle
load of each axle.

[0054]

As illustrated in FIG. 5, the traveling vehicle Abvates with
accelerations in the vertical direction. Hence, libeed measured by the axle
load meter 60 is not the static load (i.e., a loaghsured in a state where there
are no vertical vibrations) but a load with fluctwwas associated with vertical-
direction accelerations (i.e., a dynamic load)FI. 5, the horizontal axis
represents the time and the vertical axis represérg acceleration, in the
vertical direction, of the vehicle A.

In a state where the vehicle A is not moving, tbeederometer 31 of the
present embodiment indicates 169.8 m/$) in the downward direction
corresponding to the gravitational accelerationt. &mample, a value of 1 G is



10

15

20

25

30

35

16

indicated in FIG. 5 as the center value of the amgé of the vibration
waveform.
[0055]

In the present embodiment, the vibration wavefofnthe vertical-
direction acceleration measured by the accelerongténas a phase that
coincides with the phase of the vibration wavefarfrthe load measured by the
axle load meter 60. For example, when the verttiedction acceleration
reaches its greatest value, the load measuredégxte load meter 60 also
reaches its own greatest value. Likewise, whernvtréical-direction
acceleration reaches its smallest value, the loadsured by the axle load
meter 60 also reaches its own smallest value.

[0056]

In addition, the load (dynamic load) measured kg aktle load meter 60
is proportional to the vertical-direction acceleoatmeasured by the
accelerometer 31. For example, the dynamic loadsorea at the time when
the vertical-direction acceleration is 2 G is tw&e great as the static value,
while dynamic load measured at the time when théiced-direction
acceleration is 0.5 G is half as great as thecstatd.

[0057]

Hence, the correction calculation unit 40D is cgafied to acquire, from
the accelerometer 31 through the onboard wirelessncunication device 30,
the vertical-direction acceleration at the momehew the measurement by the
axle load meter 60 is performed (when the axle loeder is ON) as illustrated
in FIG. 5. Then, the correction calculation unitD4@ivides, by the acquired
acceleration, the load that the axle load meten&® measured, and thus
converts the load measured by the axle load mdldo & static load.

[0058]

For a case where the load measured by the axlerfaadr 60 is not
proportional to the vertical-direction acceleratimeasured by the
accelerometer 31, the correction calculation ufiD4nay acquire beforehand
the rate of variation in the static load causedhsy vertical-direction
accelerations of various amounts and may use aersion formula and/or a
conversion table to convert the measured loadgtatc load.

[0059]

In addition, in a case where the phase of the vibnawaveform of the
vertical-direction acceleration measured by theebmometer 31 does not
coincide with the phase of the vibration waveforfritee load measured by the
axle load meter 60, the following method of convensmay be used.
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Firstly, the accelerometer 31 is made to measunstamtly the vertical-
direction acceleration of the traveling vehicledAacquire the vibration
information (the cycle and/or the amplitude) abthe acceleration of the
vehicle A as illustrated in FIG. 5. Then, the aegemeter 31 outputs, to the
correction calculation unit 40D through the onbowatideless communication
device 30, not only the vibration information bus@the phase of the
acceleration cycle and the phase of the vibratigeiec(i.e., where in a cycle
the point in question corresponds) at the momergmtine corresponding
wheel is traveling on the axle load meter 60.

On the other hand, the correction calculation 40D acquires
beforehand the rate of variation in the static Iéadeach acceleration and each
phase in various vibration states (in the vibratieaveform).

Hence, based on the vibration information acquitedugh the onboard
wireless communication device 30 and on the acaélar and the phase at the
moment when the wheel in question is traveling lva &xle load meter 60, the
correction calculation unit 40D identifies the nedat rate of variation and
converts the measured load to a static load.

[0060]

Note, however, that in a case where the two phdeesot coincide with
each other, and in addition, where the acceleron®taletects, as the
acceleration at the moment when the wheel in qaess traveling on the axle
load meter 60, an acceleration that is differentrfrthe one in a steady
traveling state as indicated by the vibrationssthated in the second half of the
graph in FIG. 5 (in a case of acceleration/decéienan that place), the phase
in the vibration cycle becomes unidentifiable. Utk a case, instead of the
phase, the correction calculation unit 40D is rietfof the fact that the vehicle
A is accelerating/decelerating at that very moment.

Even in this case, the correction calculation ¥iD can estimate the
rate of variation by having acquired beforehandvteation states at
acceleration/deceleration in various ways (i.ee, tibration waveform). It is,
however, allowable for the accelerometer 31 to atutmly the fact that the
vehicle A is accelerating/decelerating at that vewxyment.

[0061]

Then, the correction calculation unit 40D distinghués, by use of the
acquired vehicle ID, the particular one vehiclerdrh both the preceding
vehicles and the following vehicles, and thus acegithe corrected axle loads
for all the individual ones of the plurality of ad that the vehicle A has.
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Hence, because the entry-side vehicle detectoro@d dot have to
detect the passing of the particular one vehicléhg&, charging system 1 of a
modified example may include no entry-side vehidétector 90.

[0062]
Charging-Communication Processing Device

Detailed description will be provided below abootse components of
the charging-communication processing device 50taed functions.

The axle-load-information calculation unit 51B ienfigured to acquire
the corrected axle loads of all the axles of theigle A through the axle-load-
information acquisition unit 51A.

[0063]

The axle-load-information calculation unit 51B iendigured to
calculate a representative value of the all theuaeg corrected axle loads of
the all the individual axles of the vehicle A. Ircase of the present
embodiment, the axle-load-information calculatiantlb1B is configured to
calculate the greatest value as the representaéitee, and then notify the toll
determination unit 51C of the greatest value thalswated.

As a modified example, the axle-load-informatiohcedation unit 51B
may be configured to calculate, as the represergatalue, values such as the
average value, or the center value.

The toll determination unit 51C is configured taei@nine the toll for
the vehicle A by use of the representative valud ttas been notified of.
[0064]

The representative value of the corrected axledazdall the individual
axles of a particular vehicle may be used in thengarison of the impact that
the vehicle can have on the road damage with theesponding impacts of any
other vehicles. Specifically, even in a case whaoge than one vehicle have
the same total weight, a vehicle with a larger tgetivalue, a larger average
value, or the like of the corrected axle loads hdarger impact on the road
damage than a vehicle with a smaller greatest vausmaller average value, or
the like of the corrected axle loads. By calculgtthe toll for each vehicle by
use of a representative value of the corrected kdds of all the axles of the
vehicle, the charging-communication processing ded0 can charge a toll on
the vehicle in accordance with the magnitude ofithpact that the vehicle has
on the road damage at least in a relative ternwther vehicles.

[0065]

As a modified example, the axle-load-informatiohccdation unit 51B

may calculate the sum (total amount) of all thereoted axle loads of the
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vehicle A. In such a case, the axle-load-informatéalculation unit 51B is
configured to notify the toll determination unit Glof the calculated sum of all
the corrected axle loads of the vehicle A to allidne toll determination unit
51C to determine a toll associated with the suralbthe corrected axle loads
of the vehicle A.

By determining a toll associated with the sum dfthé corrected axle
loads of the vehicle A, the toll to be charged banassociated with the total
weight of the vehicle A. As the magnitude of thepact given by each vehicle
to the road damage is associated with the totagjteof all the individual
axles, a toll can be charged on the vehicle in edaoce with the magnitude of
the impact given by the vehicle to the road damage.

[0066]

As another modified example, the axle-load-inforimatcalculation unit
51B may be configured to not only acquire all tloerected axle loads of the
vehicle A but also acquire, through the communmatntenna 80, the numbers
of wheels for the individual axles. In such a cabe, axle-load-information
calculation unit 51B is configured to calculate thkeel loads (the loads of
individual wheels) by dividing each of the correttaxle loads by the number
of wheels of the corresponding wheel. In addititre axle-load-information
calculation unit 51B is configured to calculateepresentative value (e.g., the
greatest value, the average value, etc.) of theiaeed wheel loads of all the
individual wheels of the vehicle A, and then toifpthe toll determination
unit 51C of the representative value thus calculaféhe toll determination unit
51C is configured to determine the toll for the \dé A by use of the
representative value that has been notified of.

For example, in a case where more than one vehidgs the same axle
loads, a vehicle with fewer wheels on each axlean&wger local load while a
vehicle with more wheels on each axle has a smidal load. Hence, by
charging a toll based on a representative valué siscthe greatest value and
the average value, of all the wheel loads of eathiale, tolls can be charged
on individual vehicles in accordance with the magde of the impact that each
of the wheels of the individual vehicles has on tbad damage.

[0067]
Charging Method

An embodiment of a charging method according topghesent invention
will be described below by use of the charging systl and the onboard
system 10.
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As illustrated in FIG. 6, the accelerometer 31 canfly measures the
vertical-direction acceleration (S1: acceleratioeasvurement step). The axle
load meter 60 measures the axle load of each éxieeovehicle A (S2: axle
load measurement step). In a case where the veAittiat has entered an area
covered by the charging system 1 travels on the bbdd meter 60 and thus the
axle load meter 60 detects a load (S2: YES), tlaelsale wireless
communication device 40 acquires the acceleratidormation from one of the
plurality of onboard wireless communication devi@sof the vehicle A, the
one being disposed near the axle associated wimiésasured axle load (S3:
acceleration information acquisition step). In @eavhere the axle load meter
60 detects no axle load (S2: NO), the accelerom®&terontinues to measure
the vertical-direction acceleration constantly. Nebased on the acceleration
information, the roadside wireless communicationide 40 corrects the
measurement result obtained by the axle load n#dor each axle, and thus
calculates the corrected axle load for each axfe ¢8rrection calculation
step). Next, the communication antenna 80 acqulresnformation on the
vehicle details from the onboard unit 20 (S5: dethivehicle information
acquisition step). Finally, based on the corre@rlé loads of all the individual
axles, the toll determination unit 51C determinies toll for the vehicle A (S6:
toll determination step). After that, the chargsygstem 1 performs a charge
processing (S7: charge processing step), trangimtgharge processing result
to the onboard unit 20 of the vehicle A, and ousgptite acquired information,
the charge processing result, and the like to #mral payment-processing
device 70 (host device).

[0068]
Operational Effects

Some operational effects of the present embodiméhbe described
below.

In the present embodiment, the charging systemtérgenes the toll
based on the axle load measurement results omifigidual axles.
Accordingly, in a case where more than one vehidld the same total weight
have different numbers of axles or have differead balances between their
front and rear axles, different tolls can be chdrga the vehicles.

[0069]

In addition, the charging system 1 corrects theedahds by use of the
vertical accelerations of the corresponding axksnce, the charging system 1
can determine the toll of each vehicle based omattie-load measurement
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result with reduced influence of the vertical aecation derived from the
acceleration, the vibrations, and the like of treveling vehicle.
[0070]

In addition, the charging system 1 acquires theebration information
every time an axle-load measurement is performexhdd, the charging system
1 can acquire the acceleration information corresipog, on a one-to-one
basis, to each of the axles subjected to the measamt.

[0071]

In addition, the charging system 1 can charge, achevehicle, a toll
associated with the representative value of theeoted axle loads of all the
axles of the vehicle. As the magnitude of the intggieen by each vehicle to
the road damage is associated with the represeatasilue of the vehicle
(including its load), the charging system can cleaagoll on each vehicle in
accordance with the magnitude of the impact givgnhe vehicle to the road
damage. In particular, by determining a toll trmtassociated with the greatest
value of all the corrected axle loads of each vighieven if more than one
vehicles have the same total weight, a toll thatgsociated with the local
maximum axle load of each of such vehicles canlmged on each vehicle.

In addition, by determining a toll that is assoe@with the average
value of all the corrected axle loads of each vighieven if more than one
vehicle have the same total weight, a toll theassociated with the number of
the axles of each of such vehicles can be chargeelach vehicle.

[0072]

Though the charging system 1 of the present embenxlins a separate
lane type where some components of the chargintgsy4 are installed in the
islands I, the present invention may be applied ttharging system of a free
flow type as a modified example.

[0073]
Second Embodiment

A second embodiment of a charging system and aoanbsystem of
the present invention will be described below wigierence to FIG. 7 and FIG.
8.

[0074]

The charging system of the present embodiment sschdy identical
with the charging system of the first embodimentt is different from the
latter in that the former employs an automated ¢ollection machine in place
of the charging-communication processing devicetaided description will be
given below about the difference.
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[0075]

As illustrated in FIG. 7 and FIG. 8, a chargingtgys 100 includes an
automated toll collection machine 150. The automdtél collection machine
150 is a machine configured to perform a toll cofien processing by showing,
among other things, the charged amount of tolhe driver or the like (user) of
the vehicle A traveling on the lane L. Providedtbe front side (the side facing
the lane L) of the automated toll collection ma&hitb0 are, among other
things, a display device configured to show therghd amount of toll and a
payment acceptance port to accept bills and/ors;airedit cards, or the like.

The automated toll collection machine 150 is disgaben the island | at
a position on the downstream side of the axle lo@der 60 and the roadside
wireless communication device 40, and is configu@dharge the amount of
toll associated with the vehicle A.

The automated toll collection machine 150 includesharge-
information processing unit 151. The charge-infotima processing unit 151
includes an axle-load-information acquisition ub&l1A, an axle-load-
information calculation unit 151B, and a toll detenation unit 151C. Thus,
the charge-information processing unit 151 is cgafed to function in a
similar manner to its counterpart in the first erdivoent.

As the charging system 100 of the present embodimieas not have to
include the onboard unit 20 of the onboard syst@ntlie onboard system 10 of
a modified example of the present embodiment majuoe no onboard unit
20.

[0076]

In the embodiments described above, the variousgases are
implemented by a program for achieving the varitwsctions of the charge-
information processing unit and the roadside wiseleommunication device of
the charging system. The program is recorded oonapciter-readable
recording medium, and the program recorded on ¢lcending medium is read
and executed by a computer system. Various prostegs of the above-
described each CPU are stored on a computer-re@adabbrding medium in the
form of a program, and the computer reads and grsdhe program to
implement the various processes. Examples of timepcoer-readable recording
medium include, among other things, magnetic diskagneto-optical disks,
CD-ROMs, DVD-ROMSs, and semiconductor memories. Tdamputer program
may be distributed to the computer on a communicetine, and the computer
that receives this distribution may execute thegpam.
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In addition, in an allowable implementation, varsofwnctions of the
charge-information processing unit and the roadsideless communication
device of the charging system may be provided pyuaality of devices
connected by a network.

[0077]

In the foregoing, certain embodiments of the présewention have
been described, but these embodiments are metabfriitive and are not
intended to limit the scope of the invention. Thesebodiments may be
implemented in various other forms, and variousssiuns, substitutions, and
alterations may be made without departing fromdtst of the invention. These
embodiments and modifications are included in tbepe and gist of the
invention and are also included in the scope ofittvention described in the
claims and equivalents thereof.

[0078]

For example, the present embodiment relates tdl @hiarging system
for a toll road, but the present invention may peleed to a parking-fee
charging system for a parking lot.

[0079]

Though the axle load meter of the present embodinseburied in the
road surface of the lane L, an axle load meter ofoalified example may be
buried in a footplate, a footplate frame, or tHeslthat has already been buried
in the road surface of the lane L.

Industrial Applicability
[0080]
The charging system of the present invention aeguihe result of an
axle-load measurement with reduced influence ofateeleration, the
vibrations, and the like of the traveling vehicle.

Reference Signs List
[0081]
1 Charging system
10 Onboard system
10" Auxiliary onboard system
20 Onboard unit
25 Towing-vehicle-and-towed-vehicle communicatiamtu
25" Auxiliary towing-vehicle-and-towed-vehicle commication unit
30 Onboard wireless communication device
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30" Onboard wireless communication device
30A Accelerometer measurement-value acquisition uni
30B Vehicle-ID storage unit

30C Acceleration information transmission unit
31 Accelerometer

31" Accelerometer

40 Roadside wireless communication device
40A Axle-load-meter measurement-value acquisitiait u
40B Acceleration-information request unit

40C Acceleration information acquisition unit
40D Correction calculation unit

50 Charging-communication processing device
51 Charge-information processing unit

51A Axle-load-information acquisition unit

51B Axle-load-information calculation unit

51C Toll determination unit

60 Axle load meter

70 Central payment-processing device

80 Communication antenna

90 Entry-side vehicle detector

91 Departure controller

92 Departure-side vehicle detector

100 Charging system

150 Automated toll collection machine

151 Charge-information processing unit

151A Axle-load-information acquisition unit
151B Axle-load-information calculation unit
151C Toll determination unit

A Vehicle

A’ Towing vehicle

B' Towed vehicle

I Island

J Remote place

L Lane
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CLAIMS

[Claim 1]

A charging system comprising:

an axle load meter disposed on a lane and configured to measure an axle load of
each of a plurality of axles of a vehicle traveling on the axle load meter;

an acceleration information acquisition unit configured to acquire, from the
vehicle, vertical-direction acceleration information associated with each of the axles;

a correction calculation unit configured to correct, based on the acceleration
information, a measurement result for each of the axles obtained by the axle load
meter and thus to calculate a corrected axle load for each of the axles;

an axle-load-information calculation unit configured to calculate a greatest
value of the corrected axle loads of the individual axles; and

a toll determination unit configured to determine a toll for the vehicle based on

the greatest value.

[Claim 2]

The charging system according to claim 1, further comprising:

an acceleration-information request unit configured to transmit, to the vehicle,
a request signal for the acceleration information in response to acquisition of the
measurement result obtained by the axle load meter,

wherein the acceleration information acquisition unit is configured to acquire

the acceleration information provided by the vehicle in response to the request signal.

[Claim 3]

A charging method comprising the steps of:
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measuring, by means of an axle load meter disposed on a lane, an axle load of
each of a plurality of axles of a vehicle traveling on the axle load meter;

acquiring, from the vehicle, vertical-direction acceleration information
associated with each of the axles;

calculating a corrected axle load for each of the axles by correcting, based on
the vertical-direction acceleration information, a measurement result for each of the
axles obtained by the axle load meter;

calculating a greatest value of the corrected axle loads of the individual axles;
and

determining a toll for the vehicle based on the greatest value.

[Claim 4]

A program executable to cause a computer of a charging system including an
axle load meter disposed on a lane and configured to measure an axle load of each of a
plurality of axles of a vehicle traveling on the axle load meter; an axle-load-
information calculation unit configured to calculate a greatest value of corrected axle
loads of the individual axles; and a toll determination unit configured to determine a
toll for the vehicle based on the greatest value to function as:

an acceleration information acquisition unit configured to acquire, from the
vehicle, vertical-direction acceleration information associated with each of the axles;
and

a correction calculation unit configured to calculate the corrected axle loads for
each of the axles by correcting, based on the vertical-direction acceleration
information, a measurement result for each of the axles obtained by the axle load

meter.



